Structure function studies on phytochrome. Identification of light-induced conformational changes in 124-kDa Avena phytochrome in vitro.
Light-mediated conformational changes in highly purified 124-kDa phytochrome preparations from etiolated oat seedlings have been identified by steric exclusion high performance liquid chromatography and limited proteolytic studies. Steric exclusion high performance liquid chromatography studies of oat and rye phytochromes show photoreversible changes in retention times, with the red absorbing form of phytochrome (Pr form) eluting later than the far red absorbing form of phytochrome produced by saturating red light illumination of Pr (Pfr form) in a variety of different mobile phase buffers. Molecular mass calibration with globular protein standards in Tris-glycol buffers provides estimates of 318-349 and 363-366 kDa for the molecular sizes of the Pr and Pfr forms, respectively. These analyses support earlier studies that phytochrome is a nonglobular homodimer of 124-kDa subunits in vitro. Limited proteolytic dissection of phytochrome in nondenaturing buffers with seven different endoproteases provides evidence for two "operational" domains within the 124-kDa subunit with molecular mass values of 69-72 and 52-55 kDa. The larger 69-72-kDa domain contains the site for the chromophore attachment as shown by gel electrophoresis derived enzyme-linked immunosorbent assay utilizing site-directed rabbit antiserum to a synthetic undecapeptide which is homologous with the chromophore binding site on oat phytochrome. This chromophore domain exhibits a compact structure, resistant to further proteolysis except near its N terminus. By contrast, the 52-55-kDa nonchromophore domain contains multiple sites for further proteolytic cleavage as revealed by rapid cleavage to smaller polypeptide fragments. Detailed kinetic analyses of the limited proteolytic cleavage of phytochrome with four endoproteases, subtilisin BPN', thermolysin, trypsin, and clostripain, has mapped specific regions within the 124-kDa subunit that participate in light-induced conformational changes. These include a 4-10-kDa region near the N terminus of the chromophore binding domain and at least two regions within the nonchromophore domain. A comprehensive peptide map of the oat phytochrome subunit is presented, which incorporates the results of these proteolytic studies with the recent, yet unpublished sequence analyses of Avena phytochrome cDNA clones which show the N-terminal localization of the chromophore binding site (Hershey, H. P., Colbert, J. T., Lissemore, J. L., Barker, R. F., and Quail, P. H. (1984) Proc. Natl. Acad. Sci. U.S.A. 81, 2332-2336).